Idiopathic Parkinson's disease is one of the most common neurodegenerative disorders. Idiopathic Parkinson's disease continues to be a progressive disorder leading to severe disability caused by motor and non-motor symptoms. To date, there have been no disease-modifying or neuroprotective interventions that could stop or slow down disease progression. Treatment of motor symptoms, such as tremor, rigidity, and bradykinesia, is primarily focused on correcting dopamine deficiency. There are some medications that do not directly affect the dopaminergic system. Some invasive interventions are also available. Treatment options should be specified according to age, disease stage, functional status, and concurrent diseases of the patients. Non-motor symptoms, such as sleep disturbances and neuropsychiatric symptoms, should also be properly diagnosed and treated. This review focuses on treatment strategies for the motor symptoms of idiopathic Parkinson's disease.
Introduction
Idiopathic Parkinson's disease (IPD) is the second most common neurodegenerative disease after Alzheimer's disease, and its prevalence increases with age (1) . A progressive decrease of dopaminergic neurons in the substantia nigra pars compacta and the accumulation of intranuclear alpha-synuclein inclusions (Lewy bodies) in the surviving neurons constitute the pathological basis of IPD (2) . Because cholinergic, noradrenergic, and serotonergic innervation are affected in IPD, nonmotor symptoms also occur in addition to bradykinesia, resting tremors, and rigidity, which are the classical triad of IPD clinical symptoms (3).
Currently, neuroprotective or disease-modifying treatment does not exist for the IPD therapy (4) , and almost all existing treatment options concentrated on the motor symptoms and aimed at increasing dopamine levels by reducing dopamine destruction or stimulating dopamine receptors or agents acting as dopamine precursors. Other treatment options involve medications not affecting the dopaminergic system and surgical intervention ( Table 1 ). The age, predominant clinical symptoms, functional status, and associated co-morbidities of the patient are important in the treatment choice. Moreover, non-motor symptoms, such as neuropsychiatric symptoms, cognitive impairment, and sleep disorders, should be evaluated and considered in treatment protocols (5) .
The treatment options currently used for IPD motor symptoms are discussed in this study.
Dopaminergic Treatments
Monoamine oxidase type B inhibitors Selegiline and rasagiline reduces the destruction of dopamine by inhibiting the monoamine oxidase type B (MAO-B) isoenzyme (6) . Although there are studies reporting the disease-modifying effect of rasagiline, this effect has not been supported in subsequent studies (7, 8) . Rasagiline has been found to be more helpful with mild motor symptoms in early diagnosed patients before initiating more potent treatment such as dopamine agonists or levodopa (9) , although rasagiline can also be used in advanced-stage patients in the additional treatment of levodopa and/or dopamine agonists. It was reported that rasagiline add-on therapy in patients taking levodopa decreases the off time (10) .
MAO-B inhibitors are generally well tolerated. Unlike selegiline, rasagiline is not metabolized to amphetamine and methamphetamine, and this makes it safer in terms of side effects. Although rasagiline metabolism is different, it is said that both MAO-B inhibitors, particularly when used with antidepressants, such as SSRI, may cause a clinical picture similar to a serotonin syndrome (11) . However, it was reported in a recent multicenter retrospective study that its use with antidepressants is reliable (12) . Nevertheless, providing sufficient warning to patients and keeping the dose of antidepressants as low as possible constitute a good clinical approach.
Catechol-O-methyltransferase inhibitors
Tolcapone and entacapone, which inhibit the enzyme causing peripheral destruction of levodopa, increases the passage of levodopa to the central nervous system. Because of this mechanism of action, Catechol-O-methyltransferase (COMT) inhibitors should be used in patients receiving levodopa therapy. Tolcapone as a single preparation is rarely used because of its severe liver toxicity. Entacapone is used both as a single preparation and in combination with levodopa and carbidopa. It was demonstrated that entacapone has a similar effect to rasagiline in terms of reducing the off times (13) . In a study where triple combination therapy containing entacapone was compared with standard levodopa preparations, it was observed that contrary to expectations, the combination therapy caused more dyskinesia in a shorter time (14) . In clinical practice, this result, particularly in early stage patients, restricted the preference of triple combination therapy to the standard levodopa preparations. In advanced-stage patients, it is preferable to obtain a more stable levodopa concentration and to reduce the off times.
COMT inhibitors may cause dopaminergic side effects because they increase the bioavailability of levodopa. Nausea, cardiovascular, and neuropsychiatric side effects are among the dopaminergic side effects, whereas diarrhea and changes in the color of urine are the most common non-dopaminergic side effects (15) .
Dopamine receptor agonists
Dopamine agonists (DAs) take effect by directly stimulating postsynaptic dopamine receptors. DAs are divided into two classes, namely ergot and non-ergot. Ergot derivative agonists (cabergoline, lisuride, pergolide, and bromocriptine) are currently not preferred because of the risks of valvular heart disease and pulmonary fibrosis. Apomorphine, which is a non-ergot derivative DA, is subcutaneously used, whereas piribedil, pramipexole, and ropinirole are orally used. Rotigotine, which was the first DA used in transdermal delivery, is currently in the licensing stage. The influence of DAs on the motor symptoms of IPD is greater than that of MAO-B inhibitors but lower than that of levodopa (3). Motor complications, particularly dyskinesias seen with levodopa are rarely observed in DAs (16, 17) . Therefore, in IPD treatment, DAs are recommended, particularly in young patients, as the first choice, with the aim being to delay use of levodopa. However, with the progression of the disease and an increase in motor symptoms, the adequacy of DAs alone decreases over time (16, 18, 19) . In addition to the use of DAs in the early stages, there are studies reporting that pramipexole, ropinirole, and continuous subcutaneous apomorphine infusion reduce the off times in advanced-stage IPD patients receiving levodopa therapy (20) . However, this add-on therapy may cause dyskinesia or could increase the existing dyskinesia. In clinical practice, when DAs are administered to patients with dyskinesia, reducing the levodopa dose is a correct approach (21) . Long-acting forms of pramipexole and ropinirole are also reported to have similar efficacy and safety with this indication (22, 23) . A single daily use dose of this preparation offers a significant advantage in terms of adherence to the treatment (24) .
Apomorphine that is subcutaneously used is the strongest DA that acts very quickly. The intermittent subcutaneous injection of apomorphine is useful for the acute treatment of the off periods; furthermore, the long-term use of this therapy has been found to be safe (25, 26) . Continuous subcutaneous infusion, which is another usage form of apomorphine, is useful in advanced-stage IPD patients with more motor fluctuations and unpredictable off periods (27) . Although peripheral side effects, such as nausea and hypotension, restrict the use of apomorphine, it has become more commonly used with the development of application systems and drug usage against the side effects in recent years (28) .
While the effect of all oral form of DAs on the motor symptoms is similar, the positive effect of pramipexole treatment, particularly on tremors, has been reported (29) . There are also many studies reporting positive results of pramipexole on depression associated with IPD (30). Furthermore, it was demonstrated that pramipexole also has positive impacts on mood and motivational symptoms in Parkinson's patients without major depression (31).
The acute side effects of DAs are nausea, vomiting, and orthostatic hypotension. These side effects are observed at the beginning of therapy but usually decrease as tolerance develops. Although they cause fewer motor complications in comparison with levodopa, DAs cause some dopaminergic side effects more often than levodopa treatment (32) . These side effects are hallucinations, excessive sleepiness during the day, sudden sleep attacks, and impulse control disorders. Because of these cognitive and psychiatric side effects, particularly in elderly patients who previously had cognitive impairment, the use of DAs should be avoided. Another complication of DAs, the cause of which is unknown, is edema in the ankle or leg.
Levodopa
Levodopa, which has been the most effective treatment for IPD for nearly 50 years, is the antiparkinsonian drug with the most powerful symptomatic effect (3, 15) . Levodopa is a dopamine precursor and is converted into dopamine by dopaminergic nerve endings both in the central and peripheral nervous systems. Because dopamine cannot pass the blood-brain barrier when directly administered, it is given as levodopa (L-3,4-dihydroxy-phenylalanine), which is the precursor. However, when levodopa is orally administered alone, it is decarboxylated by dopa decarboxylase enzyme and converted to dopamine before passing the blood-brain barrier. Therefore, to prevent the peripheral conversion of levodopa to dopamine, it should be used in combination with benserazide or carbidopa, which are dopa decarboxylase inhibitors (33).
In our country, levodopa is found in the form of levodopa+benserazide, controlled-release levodopa+benserazide, levodopa+carbidopa, and levodopa+carbidopa+entacapone oral tablets and as levodopa intestinal gel. Because of the severe reduction in the intestinal absorption when taken with meals, oral levodopa preparations are always required to be taken on an empty stomach. In clinical practice, oral levodopa therapy is initiated with an initial dose of 50 mg three times a day and by slowly escalating the dose until the target dose of 100 mg three times a day is reached. Although when levodopa is used with decarboxylase inhibitors, it has a short half-life of 90 min, and thus is required to be administered four times a day; there are no studies comparing the long-term benefits of these two dose ranges (3). In addition, because the use of four times a day makes adherence of the patient to the treatment more difficult, it is less preferred in clinical practice. A controlled-release dosage form of levodopa aims to reduce the dose frequency by extending the effect of a single dose, but it does not have superiority to standard levodopa in terms of the risk of motor complications (15) . These preparations are usually administered to patients experiencing freezing at night and in the morning hours before going to bed for the continuation of the activity. It was observed that the preparation containing entacapone, shortened the development time of dyskinesia compared with standard levodopa preparations (14) .
Depending on the temporal changes in the receptor levels, with the delay and/or variability of gastric emptying in advanced-stage patients, oral treatment causing abnormal pulsatile dopaminergic stimulation is considered to be responsible for motor complications. This situation leads to the necessity of applying continuous stimulation of the striatal dopaminergic neurons through dopaminergic stimulation (34, 35) . The levodopa+carbidopa duodenal gel that was licensed and became available in our country for use with advanced-stage patients aims to deliver more constant plasma concentrations of levodopa, bypassing the gastrointestinal tract, and it is an effective treatment method reducing the off times, while not increasing dyskinesias (36) . The duodenal tube inserted through the percutaneous endoscopic tube is usually accompanied by a pump hanging over the shoulder.
Although side effects of levodopa, such as nausea, vomiting, orthostatic hypotension, confusion, and sleep disorders, are encountered less in comparison to DAs, it can be disruptive in the therapy of some patients. An abrupt cessation of treatment in patients receiving long-term and high-dose levodopa may cause a clinical picture similar to neuroleptic malignant syndrome (NMS). NMS, with a clinical picture of confusion, muscle rigidity, fever, an increase in muscle enzymes, and a high mortality rate, is an urgent clinical case that should be diagnosed and treated early (33) .
Though levodopa is the most effective treatment in PD patients, the most important factors restricting its use are motor fluctuations occurring with long-term treatment and motor complications such as dyskinesia. These complications are seen in approximately 75%-80% of patients using levodopa treatment for 5-10 years and particularly in early onset cases. These patients alternate between on-times with severe dyskinesia periods when they benefit from levodopa and the off times with severe motor dysfunction when they do not benefit from it. As the disease progresses, while controlling motor symptoms, the dose adjustment of levodopa able to prevent dyskinesia becomes harder (37) . Levodopa delaying therapies should be considered first in patients, particularly in early ages, with mild motor symptoms, in order to prevent their coming to this stage. However, in some cases where the motor symptoms cause significant disability or where other treatment options cannot be used because of the side effects, levodopa may be unavoidable in the early ages as well.
Other Treatment Options Amantadine
Though amantadine was first developed as an antiviral agent, it has taken been used in the therapy of dyskinesia over the years (38) . Although the antiglutaminergic, anticholinergic, and dopaminergic effect mechanisms are not clearly understood, amantadine is believed to reduce dyskinesias by reducing glutaminergic cortical inputs to the striatal neurons (39) . Common side effects include a dry mouth, dizziness, blurred vision, and insomnia. In addition, edema in the ankle or leg and livedo reticularis can be seen in some cases. It may also cause neuropsychiatric disorders, such as confusion and hallucinations, particularly in patients using high doses and in those who previously have had cognitive impairment (33) .
Anticholinergics
Anticholinergic drugs (biperiden, benztropine, bornaprine, orphenadrine, procyclidine, and trihexyphenidyl) increase the activity of striatal acetylcholine by acting on muscarinic receptors; furthermore, they inhibit dopamine intake in the central dopaminergic neurons but at a poor rate. Though the most common side effects are dry mouth, nausea, blurred vision, and constipation, the most important side effect restricting usage, particularly in the elderly, is the deterioration of mental functioning (40) .
Surgical treatment
In surgical treatment for Parkinson's symptoms, two types of stereotactic methods are used: lesion-based radiofrequency applications, namely thalamotomy or pallidotomy and neurostimulation applications, also known as deep brain stimulation (DBS). Surgical treatment options are not applied in elderly patients and patients with dementia. Thalamotomy is used in patients with resistant tremors to medical treatment; while, pallidotomy is used in patients with distinctive dyskinesias. However, in recent years, DBS as a neurostimulation method for subthalamic nucleus (STN) has become the most commonly used method because it is both reversible, pushing the lesion-based applications into the background due to its effectiveness in addressing motor functions (21) . In a study evaluating patients who underwent STN-DBS for PD with 10 years of follow-up, it was observed that significant improvements were provided in motor functions, such as tremors and bradykinesia, as well as in motor complications, such as dyskinesia, and motor fluctuations, though the effectiveness decreases over time (41) .
Peer-review: Externally peer-reviewed.
Author Contributions: Concept -G.B., E.G.; Design -G.B., E.G.; Supervision -G.B., E.G.; Data Collection and/or Processing -G.B., E.G.; Analysis and/or Interpretation -G.B., E.G.; Literature Review -G.B., E.G.; Writer -G.B., E.G.; Critical Review -G.B., E.G.
